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Foreword. 

Purpose of this document is to introduce the Circuit Strategy, a circuit-based1 COSMIC Measurement 
Strategy for quantum software. It shows the application of this Strategy to a number of existing 
quantum circuits, illustrated with measurement examples. Based on these measured algorithm 
examples this Circuit-based Measurement Strategy - or another Measurement Strategy, as it arises 
- may be chosen for a future standard in the quantum software sizing domain. 

 

For readers who are unfamiliar with the quantum terminology, Chapter 3 provides a short example 
measurement with explanation. Below is an overview of quantum concepts. The explanations have 
also been added as footnotes in the main text. For readers who are unfamiliar with COSMIC, the 6 
page summary ‘What is a COSMIC Function Point’ is available via the References. 
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1 model of quantum computation; a horizontal line (‘wire’) represents a qubit and indicates the progression of the qubit’s 
state, a wire indicated by /n represents n qubits 
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Overview of quantum concepts 

(The explanations have also been added as footnotes in the main text) 

|0> and |1> |0> is the vector (1,0)T, |1> is the vector (0,1)T (the T indicates 

‘vertical’), i.e. vectors in a 2-dimensional space, |0> and |1> are 

called ‘bit’.  

circuit model of quantum computation; a horizontal line (‘wire’) represents 

a qubit and indicates the progression of the qubit’s state, a wire 

indicated by /n represents n qubits 

gate operator (matrix) on one or more qubits that transforms a qubit’s 
state into another state 

H⊗n One operator that applies the H operator to n qubits at the same time 

operator standard gate (matrix) or user defined matrix 

qubit (quantum bit), a vector a|0>+b|1> in a 2-dimensional vector space 

with complex scalars a and b that satisfy |a|2+|b|2 = 1 

state of a qubit  the qubit’s value at some point 

superposition  a qubit can be in a ‘superposition’ (indicated by the ‘+’ between the 

states of a qubit) of two states at the same time 

tensor State spaces  can be assembled by tensoring their state spaces S 
and S’, indicated by the tensor product S⊗S’. The tensor product of 
the matrices acts on the tensor product of their vectors.  

universal gate set set of gates that together can execute all possible quantum 
computations 
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1 INTRODUCTION. 

1.1 Measurement of the functional user requirements (FUR)  

For now, quantum computer software (short: quantum software) is being developed to leverage the 
possibilities of quantum computing, mostly in a scientific context at the present time. More 
specifically, quantum software is software that has been - or will be - developed to solving problems 
of a scientific and/or combinatorial nature, often taking the form of an algorithm. This document 
proposes the Circuit-based Measurement Strategy, using the quantum circuit as the basis for the 
COSMIC measurement of functional user requirements (FUR) to be implemented (or already 
implemented) in quantum software. This Guideline documents its COSMIC measurement application 
to existing and well-known quantum circuits. 

1.2 Presuppositions of the approach. 

Applying COSMIC for the measurement of the FUR of quantum software is new and challenging, so 

it is useful to explain the choices made in this Guideline. 

• The term ‘operator’2 is synonymous with ‘matrix’. 

• A qubit3 ‘stores’ a state4, hence plays the part of persistent storage. The horizontal line (‘wire’) in 
a circuit indicates the progression of the qubit’s value. 

• The set of operators used by the programmer is to be used as the FUR for COSMIC 
measurement, i.e. not its physical implementation.  

1.3 Comparability of FUR sizes.  

A number of aspects can hinder sizes of quantum software being comparable. When comparing 
FUR sizes keep the influence of these aspects in mind: 

• The mapping of an algorithm description into a circuit is not guaranteed to be unique. 

The following constraints are ‘systems-hardware NFR’ (Non-Functional Requirements) which may 
next be lead to additional ‘software FUR’ and which would vary across hardware or software 
platforms. The FUR derived from the ‘system functionality’ should be the same across platforms, 
while the FUR derived from NFR could vary.   

• Quantum software is subject to system- and/or hardware constraints, which may make sizes 
depending on their hardware and software platforms.  

• Several universal gate56 sets exist, sizes based on circuits therefore depend on the universal gate 
set used.  

• The number of qubits of quantum computers may differ. This difference may influence the sets 
of operators, the structure of circuit diagrams and therefore the number of operators used. It also 
impacts what portion of FUR is allocated to software, and which related functional size can next 
be measured with COSMIC. 

• Connectivity of quantum computer hardware influences the number of operators (full-connected 
hardware applies a two-qubit operator to any two qubits in a circuit diagram). If there is no full 
connectivity, additional operators may be needed, i.e. sizes will differ from sizes of a full-
connected quantum computer. 

 
2 standard gate (matrix) or user defined matrix 

3 (quantum bit), a vector a|0>+b|1> in a 2-dimensional vector space with complex scalars a and b that satisfy |a|2+|b|2 = 1 

4 the qubit’s value at some point 

5 operator (matrix) on one or more qubits that transforms a qubit’s state into another state 

6 set of gates that together can execute all possible quantum computations 
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1.4 Managing effort 

The purpose of software measurement is to relate software FUR size to some parameter, for 
instance to software development effort. Therefore, adequate collection and registration of effort is 
necessary for effort analysis and estimation. Development effort in the quantum software includes  

1. adjusting an existing algorithm description to a quantum usable form,  

2. drafting the requirements for the instantiation of the algorithm in a specific context, 

3. drafting the circuit with its input, operators and outcome, 

4. proving that the circuit is correct, i.e. actually implements the algorithm description, 

5. counting resources (such as run time and the number of gates used) and the resulting 
optimization effort of the quantum software, 

6. implementing the algorithm and testing the resulting quantum software, online and/or with a 
simulator.  

The first four activities require a quantum algorithm specialist, the fifth and sixth activity can be 
performed by a quantum software specialist. An algorithm description is assumed to be given, the 
effort to draft it can therefore be disregarded. 

For constructing a simple estimating model, see the COSMIC website at Estimating with functional 
Size - Cosmic Sizing 

1.5 Addressing COSMIC Measurement Rules 

COSMIC rules state that a functional user, having detected a triggering event, initiates the triggering 

Entry of the functional process that handles the event. 

In quantum computing an SDK (software development kit) conveys a signal (triggering event) to its 

quantum program function, the functional user, as it initiates the data group that is moved by the 

triggering Entry of the functional process concerned. The SDK’s quantum software execution 

function performs the execution.  

The Circuit Strategy identifies as functional processes the actions performed on qubits, i.e. 

• the Input process, 

• the operator processes and  

• the Outcome process (i.e. the measurement of qubits).  

The Object of interest (OOI) of the triggering Entry data group is the action or operator concerned. 

The OOI of the other data groups is the qubit concerned. See the details in section 2.1. 

 

Note: COSMIC rules require identification of types rather than occurrences. In consequence, if single 
operators are identified as functional processes, it must be distinct types of operators and not 
multiple occurrences of the same type of operators. 

  

https://cosmic-sizing.org/cosmic-sizing/estimating-with-software-size/
https://cosmic-sizing.org/cosmic-sizing/estimating-with-software-size/
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2 THE CIRCUIT STRATEGY 

2.1 Basis of the Circuit Strategy 

COSMIC defines the functional size of the circuit as the number of CFP of its functional processes, 
because the algorithm description in plain text is usually trivial and doesn’t provide a clue to how to 
realize it with quantum functionality. The only proof that a quantum solution truly can be realized is 
a circuit plus accompanying proof of correctness, i.e. with post-implementation material. The circuit 
documentation is therefore a post-implementation source of Functional User Requirements (FUR). 
See the Measurement Manual ‘Part 2 Guidelines’ for the approach of post-implementation sources 
of Functional User Requirements.  

Post-implementation implies that the circuit exists, i.e. that the software development is finished.  
Estimating development effort is therefore not an issue, however the functional sizes and 
corresponding development effort give a good idea of what to expect in future development and 
hence are a warning against overly optimistic effort estimating. 

2.2 Clues for identifying the functional processes 

• An operator occurrence acts on qubits. Operators of the same type form an operator type.  

• For instance, when a circuit contains an X gate acting on qubit q0 and also contains an X gate 
acting on qubit q1 identify one X gate functional process type.  

• Idem for a CX gate with qubit q0 controlling q1 respectively a CX gate with qubit q1 controlling 
q0. 

• Identify an Input functional process that enters the input state(s).  

• identify an Outcome functional process that convert qubits into classical bits, indicated by a meter 
icon at the right, if measurement is required. 

• A vector (string of bits of fixed length) and a single bit represent different objects of interest. 

• Identify one functional process type for n-tensored7 operator variants. Identify another functional 
process type per different n.  

• Identify one functional process type for each ad hoc defined operator type (in the literature these 
operators are often indicated by Uf).  

Note: it is a measurement strategy choice to identify only one functional process, for Uf may 
include several operators. 

  

 
7 State spaces  can be assembled by tensoring their state spaces S and S’, indicated by the tensor product S⊗S’. The 
tensor product of the matrices acts on the tensor product of their vectors.  



COSMIC Measurement Manual - version 5.0 – Guideline Quantum Software Measurement  Copyright © 2025 8 

3 EXPLANATION OF A COSMIC MEASUREMENT 

A measurement takes place on the basis of a documented circuit. The result of that measurement is 

the functional size of the circuit. 

As an example, below is the result of a measurement of three of the five functional processes of the 

Deutsch–Jozsa algorithm of section 4.1, according to the Circuit Strategy: 

- The Input functional process (indicated by the dashed oval at the left, input are |0> /n and |1>8), 
- The H (‘Hadamard’) functional process, 
- The Outcome functional process (indicated by the dashed oval at the right). 

 

Note 1: This same measurement can be  applied to the H⊗n 9 and Uf functional processes (but not 

included in this example). 

Note 2: there are two occurrences of the H⊗n  functional process: therefore, according to the COSMIC 

rule, identify one H⊗n  functional process type. 

 

The Input functional process enters and writes n qubits (i.e. n data groups), hence identify an E /n 

and a W /n.  

- Both data movements below are indicated by /n, as prescribed in the first sentence of chapter 
3.  

- The object of interest of each data group occurrence is the qubit concerned.  
- The Input functional process also enters and writes a qubit, hence an E and a W data group.  
- The object of interest of the latter data groups is the one qubit concerned.  

Functional process Input = 5 CFP 

E Input-ID 

E  /n 

W /n 

E 

W 

 

The Outcome Input functional process reads and writes its n qubits, hence an R /n and a W /n: 

Functional process Outcome = 3 CFP 

E Measurement device-ID 

R /n 

 
8 |0> is the vector (1,0)T, |1> is the vector (0,1)T (the T indicates ‘vertical’), i.e. vectors in a 2-dimensional space, |0> and 
|1> are called ‘bit’.  

9 One operator that applies the H operator to n qubits at the same time 
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W /n 

 

The H gate functional process reads its qubit, transforms the value and stores the result in its qubit, 

overwriting the previous value: 

Functional process H = 3 CFP 

E H-ID 

R 

W 
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4 CIRCUIT STRATEGY EXAMPLES 

Note 1. In the diagrams /n indicates the number of qubits.  

Note 2. The qubits and values involved are visible in the circuit and are omitted from the COSMIC 

measurements below. Where applicable the data movement itself is indicated by /n. 

Note 3. Some of the circuits are ‘classics’, however a variety of circuits has been added to test and 

ascertain that the approach also works for less common circuits. 

4.1 Deutsch–Jozsa algorithm. 

Description and circuit. 

The algorithm description is  

Given 

− function f: {0,1}n → {0,1} that can be evaluated but is a black box. 

− function f is: 

−  either balanced (exactly half of the inputs go to 0 and the other half go to 1) or  

− constant (all the inputs go to 0 or all the inputs go to 1).  

Determine if the function is balanced or constant.  

A circuit of the Deutsch–Jozsa Algorithm is as follows: 

 

Functional processes. 

Functional process Input = 5 CFP 

E Input-ID 

E /n 

W /n 

E 

W 

Functional process H⊗n = 3 CFP 

E H⊗n-ID 

R /n 

W /n 

Functional process H = 3 CFP 

E H-ID 

R 

W 

Functional process Uf = 4 CFP 

E Uf -ID 

R /n 

R 

W /n 

Functional process Outcome = 3 CFP 

E Measurement device-ID 

R /n 

W /n 

Total = 18 CFP. 
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4.2 Grover’s Algorithm. 

Description and circuit. 

The algorithm description is 

The software must identify the unique state |w> from a large number of basic states, expressed 
as binary strings of length n.  

− To mark the state |w> define the function f: {0,1}n → {0,1} so that  

− f(w) = 1 if w is the wanted state and 

− f(x) = 0 otherwise.  

A circuit of Grover’s Algorithm is as follows: 

 

Functional processes. 

Functional process Input = 5 CFP 

E Input-ID 

E /n 

W /n 

E 

W 

Functional process H⊗n = 3 CFP 

E H⊗n -ID 

R /n 

W /n 

Functional process H = 3 CFP 

E H-ID 

R 

W 

Functional process Uf = 4 CFP 

E Uf-ID 

R /n 

R 

W /n 

Functional process -1+2A = 3 CFP 

E (-1+2A)-ID 

R /n 

W /n 

Functional process Outcome = 3 CFP 

E Measurement device-ID 

R /n 

W /n 

Total = 21 CFP. 



COSMIC Measurement Manual - version 5.0 – Guideline Quantum Software Measurement  Copyright © 2025 12 

4.3 Bernstein-Vazirani Algorithm. 

Description and circuit. 

The algorithm description is 

Given is  

− a function f: {0,1}n → {0,1}, defined as f(x) = <s|x>, the inproduct of x and the hidden string 

s.  

The software is to determine the hidden string s. 

A circuit of the algorithm is as follows: 

 

Functional processes. 

Functional process Input = 5 CFP 

E Input-ID 

E /n 

W /n 

E 

W 

Functional process H⊗n+1 = 5 CFP 

E H⊗n+1 -ID 

R /n 

R 

W /n 

W 

Functional process Uf = 4 CFP 

E Uf-ID 

R /n 

R 

W /n 

Functional process H⊗ = 3 CFP 

E H⊗n -ID 

R /n 

W /n 

Functional process Outcome = 3 CFP 

E Measurement device-ID 

R /n 

W /n 

Total = 20 CFP. 

4.4 Simon’s Algorithm. 

Description and circuit. 

The algorithm description is 

Given is 

− a function f: {0,1}n -> {0,1}n that can evaluate but is a black box.  

− a ‘hidden’ binary string c = c1c2 ···cn, such that for all x, y∈ {0,1}n 
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 f(x) = f(y) if and only if x=y or x = y⊕c   

Simon’s algorithm determines the string c.  

The circuit of Simon’s Algorithm is as follows: 

 

Functional processes. 

Functional process Input = 3 CFP. 

E Input-ID 

E /n 

W /n 

Functional process H⊗n = 3 CFP 

E H⊗n -ID 

R /n 

W /n 

Functional process Uf = 3 CFP 

E Uf-ID 

R /n 

W /n 

Functional process Outcome = 3 CFP 

E Measurement device-ID 

R /n 

W /n 

Total = 12 CFP. 

4.5 Superdense Coding. 

Description and circuit. 

The algorithm description is 

Alice sends Bob two classical bits of information, requiring only that Alice sends a single qubit 

over a quantum channel (e.g. optical fibre) to Bob.  

Initially, Alice and Bob must each be in possession of one half of a pair of qubits entangled in the 

Bell state |00> = (|00>+|11>)/√2, 

− their qubits indicated by qA respectively qB.  
 
Superdense coding is done in 3 phases, each with a separate circuit:  

Phase 1. Basis change to Bell basis 

Phase 2. Encoding the bit pair by qubit qA 

Phase 3. Restoring the bit pair. 

Functional processes. 

Phase 1. Basis change to Bell basis 

 

Functional process Input = 3 CFP 
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E Input-ID 

E 

W 

Functional process H = 3 CFP 

E H-ID 

R 

W 

Functional process CX = 3 CFP 

E CX-ID 

R 

W 

Subtotal = 9 CFP. 

Phase 2. Encoding the bit pair by qubit qA 

 

Functional process Input = 3 CFP. 

E Input-ID 

E 

W 

Functional process Uf = 3 CFP 

E Uf-ID 

R 

W 

Subtotal = 6 CFP. 

Phase 3. Restoring the bit pair. 

 

Functional process Input = 3 CFP 

E Input-ID 

E 

W 

Functional process CX = 3 CFP 

E Uf-ID 

R 

W 

Functional process H = 3 CFP 

E H-ID 

R 

W 

Functional process Outcome = 3 CFP 

E Measurement device-ID 

R 

W 

Subtotal = 12 CFP. 
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Total = 27 CFP. 

4.6 Quantum Teleportation. 

Description and circuit. 

The algorithm description is 

Quantum teleportation allows Alice to communicate a qubit state |ψ> = α|0>+β|1> exactly to Bob, 
sending only two bits of classical information to him over a classical channel.  

Alice and Bob initially share a pair of entangled qubits in the Bell state |00> =  (|00>+|11>)/√2,  

− their qubits indicated by qA respectively qB. 

Teleportation is done in 3 phases, each with a separate circuit:  

Phase 1. Alice and Bob entangle their qubits qA and qB 

Phase 2. Alice interacts qubits |ψ> and qA, measures the outcome (00, 01, 10, or 11) and 

sends the outcome to Bob. 

Phase 3. Bob performs the received outcome on qB to recover |ψ> 

Functional processes. 

Phase 1. Entanglement of qubits qA and qB 

 

 

Functional process Input = 3 CFP. 

E Input-ID 

E 

W 

Functional process H = 3 CFP 

E H-ID 

R 

W 

Functional process CX = 3 CFP 

E CX-ID 

R 

W 

Subtotal = 9 CFP. 

Phase 2. Interaction of qubits |ψ> and qA and measurement of outcome (00, 01, 10, or 11) 

 

Functional process Input =3 CFP. 

E Input-ID 

E 

W 

Functional process CX = 3 CFP 

E CX-ID 

R 
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W 

Functional process H = 3 CFP 

E H-ID 

R 

W 

Functional process Outcome = 3 CFP 

E Measurement device-ID 

R 

W measured values 

Subtotal = 12 CFP. 

Phase 3. Perform outcome on qB to recover (store) |ψ> 

 

Functional process Input = 3 CFP. 

E Input-ID 

E 

W 

Functional process Uf = 3 CFP 

E Uf -ID 

R 

W 

Note. Uf is the operation I, X, Z or ZX if the measurement outcome of Phase 2 is 00, 01, 10 or 

11, respectively. 

Subtotal = 6 CFP. 

Total = 27 CFP. 

4.7 Parity measurement. 

Description and circuit. 

The description is 

Implement a parity count on an arbitrary 3-qubit state 

− output 0 for an even number and  

− output 1 for an odd number of 1’s) 

The circuit implements the desired parity count:

 

Functional processes. 

Functional process Input = 3 CFP 

E Input-ID 

E 

W 
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Functional process CX = 3 CFP 

E CX-ID 

R 

W 

Functional process Outcome = 3 CFP 

E Measurement device-ID 

R 

W 

Total = 9 CFP. 

4.8 From computational basis to Bell basis and back. 

Description and circuit. 

The description is 

Implement the basis change from the computational basis to the Bell basis.  

The circuit implements the basis change, showing |00> to |00>. It is identical for the changes 

|01> to |β01>, |10> to |β10> and |11> to |β01> to |β11>. 

For the basis change from the Bell basis to the computational basis, apply the circuit 

backwards (the H and X gates are their own inverses). 

 

Functional processes. 

Functional process Input = 3 CFP 

E Input-ID 

E 

W 

Functional process H = 3 CFP 

E H-ID 

R 

W 

Functional process CX = 3 CFP 

E CX-ID 

R 

W 

Total = 9 CFP. 

4.9 Generating a three-bit error-correcting code 

Description and circuit. 

The description is 

Protect a bit by increasing its number to three bits, i.e.  

− 0 →  000 

− 1 →  111 
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Functional processes. 

Functional process Input = 3 CFP 

E Input-ID 

E 

W 

Functional process CX = 3 CFP 

E CX-ID 

R 

W 

Total = 6 CFP. 

4.10 3 Qubit Quantum Fourier transform  

Description and circuit. 

The description is 

Transform one representation of signals or images into an editable representational form.  

The circuit implements the controlled quantum Fourier transform with Pφ =    

 

Functional processes. 

Functional process Input = 3 CFP 

E Input-ID 

E 

W 

Functional process H = 3 CFP 

E H-ID 

R 

W 

Functional process CPπ/n = 3 CFP 

E CPπ/n-ID 

R 

W 

Functional process SWAP = 3 CFP 

E SWAP-ID 

R 
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W 

Total = 13 CFP. 

4.11 5 Qubit Quantum Fourier transform  

Description and circuit. 

The description is 

Transform one representation of signals or images into an editable representational 

form.  

The circuit implements the quantum Fourier transform. Pφ =        

 

Functional processes. 

Functional process Input = 3 CFP 

E Input-ID 

E 

W 

Functional process H = 3 CFP 

E H-ID 

R 

W 

Functional process CPπ/n = 3 CFP 

E CPπ/n-ID 

R 

W 

Functional process SWAP = 3 CFP 

E SWAP-ID 

R 

W 

Total = 12 CFP. 
  



COSMIC Measurement Manual - version 5.0 – Quantum Measurement Strategies    Copyright © 2025 20 

5 REFERENCES AND DOCUMENTATION. 

The following texts are freely available as pdf. 

[1] An Introduction to Quantum Computing. 

[2] Quantum Computing: Progress and Prospects (2019). 

[3] Quantum Algorithm Implementations for Beginners. 

[4] Quantum Computation and Quantum Information. 

[5] A Software Methodology for Compiling Quantum Programs. 

[6] Non-Functional & Project Requirements – Experts Guide and Practitioners Guide. 

[7] What is a COSMIC Function Point?. 
  

http://ursula.chem.yale.edu/~batista/classes/v572/Mosca.pdf
http://nap.nationalacademies.org/25196
https://www.researchgate.net/publication/324472130_Quantum_Algorithm_Implementations_for_Beginners
https://profmcruz.files.wordpress.com/2017/08/quantum-computation-and-quantum-information-nielsen-chuang.pdf
https://arxiv.org/abs/1604.01401
https://cosmic-sizing.org/publications/non-functional-project-requirements-with-cosmic-experts-guide/
https://cosmic-sizing.org/publications/non-functional-requirements-and-cosmic-sizing-practitioners-guide/
https://cosmic-sizing.org/wp-content/uploads/2018/08/What-is-a-COSMIC-Function-Point-v1.0-1.pdf


COSMIC Measurement Manual - version 5.0 – Quantum Measurement Strategies    Copyright © 2025 21 

APPENDIX 

Comparability of FUR sizes. Overcoming quantum hardware limitations 

A number of aspects can hinder sizes of quantum software being comparable. When 
comparing FUR sizes keep the influence of these aspects in mind: 

• The mapping of an algorithm description into a circuit is not guaranteed to be unique. 

The following constraints are ‘systems-hardware NFR’ (Non-Functional Requirements) which 
may next lead to additional ‘software FUR’ and which would vary across hardware or software 
platforms :  

• The software FUR derived from the ‘system functionality’ should be the same across 
platforms, while  

• the software FUR derived from the system NFR could vary depending on different 
platforms pre-existing functionalities.   

See also the COSMIC Experts Guide and Practitioners Guide on Non-Functional & Project 
Requirements in the References [6]. 

• Quantum software is subject to system- and/or hardware constraints, which may make 
functional sizes depending on their hardware and software platforms.  

• Several universal gate sets exist, sizes based on circuits therefore depend on the universal 
gate set used.  

• The number of qubits of quantum computers may differ. This difference may influence the 
sets of operators, the structure of circuit diagrams and therefore the number of operators 
used. It also impacts what portion of FUR is allocated to software, and which related 
functional size can next be measured with COSMIC. 

• Connectivity of quantum computer hardware influences the number of operators (full-
connected hardware applies a two-qubit operator to any two qubits in a circuit diagram). If 
there is no full connectivity, additional operators may be needed, i.e. sizes will differ from 
sizes of a full-connected quantum computer. 


